SUMMARY Transcutaneous Po2, heart rate, and aortic blood pressure were measured in 10 mechanically-ventilated newborn infants to assess the degree and course of hypoxaemia, and to monitor the cardiovascular and respiratory changes during tracheal toilet. Five infants weighed < 1250 (mean 994) g, and 5 infants weighed >1750 (mean 2216) g. During tracheal suction the TcPo2 fell from 68 ± 27 (x ± SD) to 43 ± 23 mmHg, and the heart rate from 144 ± 8 to 123 ± 25 beats/minute, but the blood pressure increased from 44 ± 24 to 49 ± 24 mmHg. Hypoxaemia (TcPo2 <50 mmHg) occurred in 7 of 8 initially well-oxygenated infants when suctioned. The decrease in TcPo2 was similar for both groups of infants. It was greater in infants with controlled ventilation and an F0o2 >0.8 than in infants with intermittent mandatory ventilation and an F1o2 <0X8. The TcPo2 fall correlated well with the TcPo2 during the control period but not during the time that the infants were disconnected from the respirator. A critical re-evaluation of routine tracheal toilet is needed.
Newborn infants who are intubated in order to be ventilated by a respirator have to be routinely suctioned to free them from lung secretions and to prevent the endotracheal tube from becoming blocked. For this tracheal toilet, respirators that have a closed air supply system have to be disconnected from the patient. This interruption of oxygen supply and ventilation often leads to transient hypoxaemia, bradycardia,' 2 arrhythmias,3 decreased lung compliance,4 and negative intrapulmonary pressure.5
Even death after tracheal suction has been reported.6 7 But the extent and course of hypoxaemia have not been studied, and nor have the cardiovascular and respiratory changes that take place during tracheal suction. We therefore investigated the effects of tracheal toilet on transcutaneous Po2 (TcPo2), heart rate, and blood pressure in newborn infants in an intensive care nursery. We paid special attention to thecardiovascular response ofeach infant to the sudden hypoxia induced by tracheal suction.
Material and methods
We studied 10 newborn infants with respiratory distress taken at random from our intensive care nursery. Each was being ventilated via a tracheal tube with a Drager Spiromat* or a Bourns LS 104t *Dragerwerk AG., Lubeck, West Germany. tBourns, Inc., life systems division, Riverside, California, USA. respirator. Each infant was placed in one of two groups according to his weight on the day of the study. There were 5 infants in each group: group A <1250 g, group B >1750 g. The groups differed significantly (P<0-01) in gestational age. Details of the 10 infants, the duration that each was disconnected from the respirator, and the duration of bag ventilation are shown in Table 1 . One infant in group A and 3 in group B were ventilated by intermittent mandatory ventilation, but the others received controlled ventilation. Three infants in group A and 2 in group B needed inspired oxygen concentrations of at least 80%. Both groups were similar in respect to the severity of the disease, the duration that they were disconnected from the respirator, and the period of bag ventilation.
Tracheal toilet was performed routinely every 2 hours by nurses. Some nurses were experienced in this procedure and others were not, and the time that it took to suction the infants varied. The infants did not have pulmonary haemorrhage or purulent pneumonia, and only small amounts of secretion were obtained. No additional oxygen was contained within the incubator and the entire respirator circuit was disconnected from the endotracheal tube, so that if the baby did breathe during suctioning he inhaled room air.
The respirator was disconnected, 0 5 ml 099% saline instilled, and the respirator reconnected for a few breaths only. Then the infant was suctioned via 326 Effect oftracheal suction on oxygenation, circulation, and lung mechanics in newborn infants 327 We checked the calibrations and scale linearity before and after each measurement. The time immediately before the respirator was disconnected, the time at the end of suctioning, and at 1, 2, and 5 minutes after bag ventilation were chosen for the analysis. The time that the respirator was disconnected was chosen as representing the time of suctioning because the precise time could be read from the tracings. Heart rate and blood pressure were calculated from a 10-second record. The paired Student's t test was used for statistical analysis.
Results
The average changes of TcPo2, heart rate, and blood pressure in the 10 infants are shown in Table 2 . During tracheal suction the TcPo2 and heart rate decreased but the blood pressure increased. Bag ventilation with pure oxygen reversed all these changes. Five minutes after bag ventilation both the TcPo2 and blood pressure were higher than during the control period. Each patient reacted to tracheal toilet in a similar manner in all 3 studies done on him.
The course of the TcPo2 in each patient is shown in In each patient the heart rate and the blood pressure (Fig. 3 ) reacted uniformly to tracheal suction. The heart rate fell in 9 and the blood pressure rose in 8 of the 10 infants. Two infants showed a fall in blood pressure each time they were suctioned; one was initially hypoxaemic, the other (Case 10) developed severe bradycardia when suctioned. While the heart rate returned to control values, the blood pressure in 8 infants was still slightly raised 5 minutes after bag ventilation. The aortic pulse pressure remained unchanged during the entire study period in 6 infants in whom we had obtained an undampened blood pressure tracing. In one infant we observed cardiac arrhythmias.
Discussion
It is common for hypoxaemia to occur during tracheal suctioning and the TcPo2 can fall to hypoxic levels.2 8 9 Our study shows that tracheal suctioning considerably disturbs the oxygenation and causes hypoxaemia on 1 occasion out of 2 in nearly all infants even though they may initially have been well oxygenated. The hypoxaemia is not immediately reversed by bag ventilation with oxygen, but can last as long as 2 minutes in some patients (Fig. 1) . We believe this procedure may hinder recovery from the initial disease.
As both groups of infants reacted in a similar manner with falls in TcPo2, we disagree that tracheal suction mainly affects small preterm infants. Surprisingly we found no correlation between the duration that they were disconnected from the respirator and the extent of TcPo2 fall. Although the time that it took to suction the infant was not measured, it is reasonable to assume that it was proportional to the period that the infant was disconnected from the respirator. Thus the lack of correlation cannot be ascribed to differences between these two variables. The severity of the disease seems to be the main determinant for the TcPo2 fall, as patients with high F1o2 and controlled ventilation were affected to a greater extent than the patients with intermittent mandatory ventilation and lower FIO2. However infants receiving intermittent mandatory ventilation also had large decreases in TcPo2 leading to hypoxaemia. In an infant on intermittent mandatory ventilation the oxygen in the alveoli decreases as it is absorbed during suctioning, and as such infants breathe room air the alveolar oxygen concentration is reduced even furtlher. As the rate in the fall of alveolar oxygen is greatly influenced by the rate of TcPo2, these infants are probably equally likely to become hypoxaemic.
The cardiovascular changes noted during tracheal suction were typical of a hypoxaemic response, characterised by a falling heart rate and an increasing blood pressure.10 11 The heart rate decrease of 21'5 beats/min and the blood pressure increase of 4-4 mmHg are in good agreement with experimental data in fetal lambs. Po2 measurements during tracheal toilet should be done using a sensor with an immediate response.
All the changes brought about by tracheal toilet call for the procedure to be re-evaluated. At first sight, the long time taken to do the suctioning seems at fault. We measured this time accurately. Other authors8 16 who reported a suctioning time of 15 seconds may have underestimated the time. But even if the time the infant is disconnected from the oxygen supply is kept to less than 30 seconds, hypoxaemia and circulatory changes will take place in some patients. We suggest reducing the frequency of tracheal toilet to a minimum, limiting the duration of suctioning, and using respirators which allow simultaneous ventilation and suction.'7 mechanics in newborn infants. 
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